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The PopPK model was initially developed using PK data from six phase I stud-
ies. Stepwise covariate method was utilized to identify covariates impacting PK
parameters; the model was re-estimated and covariate effects were re-assessed
after integrating PK data from three phase II and III studies. Simulations were
conducted to evaluate the magnitude of covariate effects on gefapixant exposure.
Of 1677 participants included in this data set, 1618 had evaluable PK records.
Age, body weight, and sex had statistically significant, but not clinically relevant,
effects on exposure. Degree of renal impairment (RI) had statistically significant
and clinically relevant effects on exposure; exposure was 17% to 89% higher in
those with versus without RI. Simulation results indicated that gefapixant 45 mg
administered once daily to patients with severe RI has similar exposure to ge-
fapixant 45 mg administered twice daily to patients with normal renal function.
There were no significant effects of proton pump inhibitors or food. Of evaluated
intrinsic and extrinsic factors, only RI had a clinically relevant effect on gefapix-
ant exposure. Patients with mild or moderate RI do not require dosage adjust-
ments; however, for patients with severe RI who are not on dialysis, gefapixant
45mg once daily is recommended.
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Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Gefapixant, a P2X3-receptor antagonist, is approved in Japan and Switzerland
for treatment of refractory chronic cough (RCC) or unexplained chronic cough
(UCC); pharmacokinetic (PK) characteristics of gefapixant in healthy volunteers
were previously published.

WHAT QUESTION DID THIS STUDY ADDRESS?

A population PK (PopPK) model was developed to further characterize ge-
fapixant PKs and assess the impact of intrinsic and extrinsic factors on PKs
in healthy participants and participants with RCC or UCC. Additionally, this
analysis provides a framework for dosage recommendations in the target
population.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This work confirms that most intrinsic and extrinsic factors, except renal func-
tion, have minimal impact on gefapixant exposure and that gefapixant 45mg
once daily (rather than twice daily) is optimal for patients with severe renal im-
pairment (RI) who are not on dialysis.

HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT,
AND/OR THERAPEUTICS?

PopPK models were used to inform gefapixant dosage recommendations in indi-
viduals with RCC or UCC, including those with severe RI who were not included
in the phase II/III trials.

INTRODUCTION

Chronic cough, characterized by frequent, burdensome
cough lasting greater than 8weeks, affects 4% to 18% of
adults."™ Until recently, there were no approved treat-
ments indicated for chronic cough; thus, many patients
have received medications targeting common comorbidi-
ties of chronic cough that are often ineffective, leading
to a large unmet need for this population.® Gefapixant
is a first-in-class, selective P2X3-receptor antagonist ap-
proved in Japan and Switzerland for refractory chronic
cough (RCC; persistent cough despite extensive investi-
gation and appropriate treatment of comorbid conditions
per published guidelines) and unexplained chronic cough
(UCC; persistent cough with no identifiable cause despite
thorough workup).”” P2X3 receptors, which are gated by
adenosine triphosphate (ATP), are expressed on sensory
C-fibers of the vagus nerve in the airways; P2X3-receptor
binding of extracellular ATP triggers action potentials
that ultimately trigger a cough reflex.'”" Although the
precise mechanisms underlying RCC and UCC are not
elucidated, extracellular ATP signaling in response to
tissue damage and inflammation has been proposed as
a driver of chronic cough.'**” The therapeutic benefit of
P2X3-receptor antagonism has most recently been sup-
ported by two large phase III studies, in which gefapixant
45mg twice daily (b.i.d.) improved 24-h cough frequency
after 12 (COUGH-1, NCT03449134) and 24 (COUGH-2,

NCTO03449147) weeks of treatment, with significant im-
provements in cough-specific quality of life after 24 and
52weeks of treatment.'®"”

Pharmacokinetics (PKs) of gefapixant have been evalu-
ated in clinical studies. Oral dosages of gefapixant ranging
from 7.5 to 1800mg b.i.d. have been evaluated in healthy
participants in phase I studies. In phase II studies of par-
ticipants with RCC or UCC, dosages up to 600mg b.i.d.
for 4weeks and up to 50mg b.i.d. for 12weeks were eval-
uated, whereas the phase III studies evaluated 15- and
45-mg b.i.d. dosages for up to 1year.®*' Previous PK
analyses have demonstrated that gefapixant is rapidly ab-
sorbed, with the time to reach maximum observed con-
centration ranging from 1 to 4h, an elimination half-life
of 6 to 10h, and dose-proportional PKs within the clinical
dose range.** Gefapixant is primarily eliminated via renal
excretion.”

This analysis describes the development of a popula-
tion PK (PopPK) model for gefapixant using PK concen-
trations from healthy participants and participants with
RCC or UCC across several clinical phase I, II, and III
studies. Overall goals for this analysis are to (1) character-
ize the PK profile of gefapixant in healthy participants and
participants with RCC or UCC, (2) quantify the between-
and within-participant variability of gefapixant PKs, and
(3) evaluate and quantify intrinsic (e.g., body weight, age,
race, and renal impairment [RI]) and extrinsic (e.g., food,
proton pump inhibitor [PPI]) effects on gefapixant PKs.
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METHODS
Study objectives and design

The modeling analysis data set included intensively sam-
pled PK data from six phase I studies and sparse PK data
from one phase IIb and two phase III studies (Table S1).
Included studies investigated gefapixant formulations
closely related to the marketed formulation (Tables S1 and
S2). These studies included doses in the range where ge-
fapixant PKs demonstrated dose-proportional increases.
All studies were conducted in compliance with the ethi-
cal principles set forth in the Declaration of Helsinki and
according to guidelines resulting from the International
Conference on Harmonization and Good Clinical Practice.
All participants provided written informed consent.

Phase I studies

The six phase I studies (Table S1) supported development
of the structural PK model; allowed for characterization
of food and PPI effects; and provided information on the
effect of RI on gefapixant PKs in participants with mild,
moderate, or severe RI. Data from individuals with end-
stage renal disease (ESRD) and from studies using ge-
fapixant formulations preceding the FO2 formulation (e.g.,
F01) were excluded.

Phase II and III studies in RCC and UCC

The phase IIb study was a 12-week, randomized, double-
blind, placebo-controlled study in adults with RCC or UCC
recruited throughout the United Kingdom and United
States.?! Two phase III, global, randomized, double-blind,
placebo-controlled studies with main study periods last-
ing 12 (COUGH-1) and 24 (COUGH-2) weeks were also
included.* The phase III studies had blinded extension
periods lasting through 52weeks; PK data analyzed here
were obtained during the 12- and 24-week periods, with
a sensitivity analysis performed to evaluate the impact of
additional PK data during the 52-week extension. Data
from the phase IIb and phase III studies enabled a thor-
ough assessment of covariate effects on gefapixant PKs.

Gefapixant formulations

Several formulations of gefapixant have been evaluated
in clinical studies; this analysis includes data from the
F02, F04, and FO4A formulations. FO2 (developed via wet
granulation and used in several phase I studies and the
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phase IIb RCC/UCC study) includes an acidulant (citric
acid) and is a film-coated, immediate-release tablet in
7.5-, 20-, and 50-mg strengths. FO4 (used in two phase I
studies) contains gefapixant citrate as an active ingredi-
ent with a 20A film coating. FO4A (evaluated in COUGH-1
and COUGH-2) also contains gefapixant citrate as an ac-
tive ingredient, with a 03K film coating.

Analysis
Modeling strategy

Model development steps are illustrated in Figure 1. A
structural model was initially developed using phase I
data (defined as the base model). The impact of extrinsic
factors (e.g., food intake and PPI use) on absorption rate
constant (K,) and relative bioavailability was investigated
relative to the FO2 formulation as part of base model de-
velopment. Previous studies demonstrated a lack of food
and PPI effects on the F04 formulation®’; thus, such ef-
fects were not tested for FO4. As gefapixant is primarily a
renally cleared drug, the estimated glomerular filtration
rate (eGFR) was also tested as a covariate as part of base
model development. The final base model was the starting
point for the stepwise covariate model (SCM) development
and was used to test relevant covariate relationships with
apparent clearance (CL/F) and apparent central volume
of distribution (Vc¢/F). The list of candidate covariates to
be tested in the SCM was guided by exploratory covariate
evaluation and scientific plausibility (Figure S1). Effects
of continuous covariates, such as age or weight, on model
parameters were tested as a power function centered on
the median covariate as follows:

cov; \?
Pl:PTV( l) 06'”

cov

Effects of categorical covariates, such as sex, on model
parameters were tested as follows:

P = PTV(l + Hcov,c ° Icov,c,i) o'l

in which 6, is the fractional change in P per category of
covariate cov, and I ,,.; is an indicator variable, having a
value of 0 for the most common category and a value of 1
corresponding to each of the other existing categories.
Stepwise forward selection was based on a statistical
significance level (a) of 0.01 (requiring an objective func-
tion value [OFV] reduction of 6.63 for 1 degree of free-
dom [df]); stepwise backward elimination was based on
a of 0.001 (requiring an OFV increase of 10.83 for 1 df).

Other acceptance criteria included a decrease in relevant
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Step 1: Evaluate impact of
extrinsic factors (eg, food, PPI) on
K, and relative bioavailability (FO2

formulation only) and include
eGFR as a covariate to create
base model with Phase 1 data

Step 2: Test relevant covariate
relationships with CL/F and Vc/F,
with selection of covariates guided

N by exploratory covariate
evaluation and scientific
plausibility; incorporate selected
covariates into Phase 1
covariate model

Step 3: Evaluate Phase 1
covariate model using integrated
Phase 1/2/3 data; determine
outliers with rule of [CWRES| >5
and remove from next steps

Step 4: Re-evaluate stochastic
components on CL/F and Vc/F
parameters for Phase 2/3 data, >
retaining original covariates from
Phase 1 covariate model

Step 5: Remove previously
identified covariate relationships >
with CL/F (except eGFR)

Step 6: Covariate search
on CL/F using the integrated
data set

Step 7: Refine model and create
final model

FIGURE 1 Schematic diagram of PopPK model development. CL/F, apparent clearance; ICWRESI, absolute value of the conditional

weighted residuals; eGFR, estimated glomerular filtration rate; K,, absorption rate constant; PK, pharmacokinetic; PopPK, population PK;

PPI, proton pump inhibitor; Vc/F, apparent central volume of distribution.

variance components, improvement in precision of param-
eter estimates, improvement in diagnostic plots, and model
stability. The clinical relevance of any relationship was also
considered. The covariate model developed using phase I
data will be referred to as the phase I covariate model.

The phase I covariate model was re-estimated and
re-assessed after integrating sparse PK data from phase
IT and III studies. During the re-estimation process, an
outlier exclusion on the newly added data from phase II
and III studies was deemed necessary as the estimate of
apparent peripheral volume (Vp/F) was implausibly high.
An evaluation step (MAXEVAL =0) was conducted, keep-
ing the population parameters fixed to estimates of the
phase I covariate model. Outliers were determined using
conditional weighted residuals (CWRES), with the rule of
ICWRES] greater than 5. After the exclusion of these out-
liers, the re-estimation step was completed.

At this stage, stochastic components (interindividual
variability [IIV] on PK parameters) were re-evaluated. The
optimized stochastic model was used for further model
development. Because the sparse phase II/III data were
unlikely to inform covariate effects on K,, Vc/F, or Vp/F
estimations, the covariates already identified in the phase
I model were retained, and these covariate effects were

re-estimated using the integrated data set. The previously
identified covariate relationship with CL/F (i.e., body
weight) was removed from the model (apart from the co-
variates included in the base model), and a second round
of covariate assessment was done on CL/F using the inte-
grated data set. This model was refined to create the final
model. Model diagnostics and goodness-of-fit plots were
generated to assess model performance and robustness.

Simulations

Simulations estimated exposure in the target population
(i.e., RCC and UCC) and quantified the magnitude of co-
variate effects in RCC and UCC. Furthermore, exposure
in participants with various degrees of RI was estimated
for both b.i.d. and once-daily (q.d.) regimens. The first
simulation estimated exposure in the target population
after chronic administration of gefapixant 45mg b.i.d. In
this simulation, 1366 participants from the active cohorts
in COUGH-1 and COUGH-2 were sampled with replace-
ment. The second simulation evaluated the magnitude of
covariate effects on gefapixant PKs in the phase II and III
participants, where 600 participants per covariate category
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(i.e., age, sex, body weight, and RI) were sampled. The
third simulation evaluated exposure in participants with
RI. As the phase II and III studies did not enroll sufficient
participants with moderate RI and any participants with
severe RI, phase II and III demographic data were aug-
mented with the phase I RI study and a virtual popula-
tion database, which was a pooled Merck (Rahway, NJ,
USA) database containing demographic information for
participants with RI from different programs across thera-
peutic areas, including antibacterial, antiviral, neurosci-
ence, cardiovascular, and metabolic disease and oncology
(N=2611). The simulation assumed that demographic
distribution in the virtual database was the same as that
of the RCC/UCC population with RI by restricting the sex
distribution and body weight range in the virtual popula-
tion data set to match that of the participants with mild
and moderate RI in the RCC/UCC population. From this
augmented data set, 600 participants were sampled for
each renal function category.

In all simulations, PK parameters (e.g., CL/F, Vc/F,
and K,) were generated using the final model by incorpo-
rating parameter uncertainty (only on fixed effects) and
by accounting for IIV for each sampled participant. Area
under the concentration curve versus time at steady-state
(AUCg_1,) and maximum concentration (Cy,,,) were cal-
culated, assuming that each participant received gefapix-
ant 45mg b.i.d. (in the phase II/III study population) or
gefapixant 45mg b.i.d. or q.d. (in populations stratified by
RI categories). Geometric means and percentages of coef-
ficient of variation were calculated for AUC and C,,,,. In
addition, for RI simulations, geometric mean ratios (rel-
ative to normal renal function category) were calculated
for each exposure metric. The process for each simulation
was repeated 200 times.

RESULTS

Of 1677 participants included (healthy volunteers,
n=122; RCC or UCC, n=1555), 1661 had at least one PK
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record and 16 had only dosing records, without any PK
records (healthy volunteers, n=1; RCC or UCC, n=15).
Across participants, 12,663 plasma concentrations were
available; however, samples were excluded for various
reasons, including inconsistent timing of dosing admin-
istrations before PK sampling, receipt of an extra dose
within 3days before PK sampling, measurable gefapixant
concentrations before the first dose, and missing times of
dosing (Figure 2). After exclusion, the final data set in-
cluded 1618 participants with evaluable PK data (healthy
volunteers, n=121; RCC or UCC, n=1497), including
8886 measurable gefapixant concentrations (number of
participants included by study can be found in Table S2).
Descriptive statistics of continuous and categorical covari-
ates included in the PopPK data set stratified by popula-
tions are summarized in Table S3. Correlations among
continuous covariates are presented in Figure S2.

Concentration-time profiles

The gefapixant dose-normalized concentration-time profiles
for phase I studies (Figure 3a) demonstrate a biphasic nature
of gefapixant elimination, suggesting a two-compartment
PK model is needed to fit the data. Dose-normalized
concentrations as a function of time after previous dosing
for participants with RCC or UCC by study are presented in
Figure 3b and are consistent with dose-proportional PKs.

Model development

The base model was developed using phase I data. As part
of model development, the impact of extrinsic factors (i.e.,
food intake and PPI use) was investigated only for the FO2
formulation on absorption parameters (absorption lag
time and K,) and bioavailability. All combinations were
tested and retained in a stepwise manner until no fur-
ther improvement in the model fit was supported by data.
Fed status on K, for only the F02 formulation was found

Samples excluded for

* Inconsistent timing of dosing before

FIGURE 2 Data disposition for
gefapixant PopPK analysis. ICWRESI,
absolute value of the conditional weighted
residuals; ESRD, end-stage renal disease;
LOQ, lower limit of quantification; PK,
pharmacokinetic; PopPK, population PK.

Total number of participants in data set
(N=1677)

l

Participants eligible for popPK analysis
(N=1661)

v

Participants remaining after sample exclusion
(N=1618)

PK sampling

+ Extra dose within 3 days of PK sampling

* Missing times of dosing before PK sampling

* Predose above LOQ

« Samples below LOQ

« Participants misclassified as having ESRD
in COUGH-2

« Data were relative to FO1 formulation

+ Data were from Phase 3 extension study

v

Participants remaining after outlier exclusion
(N=1617)

Excluded (n=1)
* |CWRES| >5
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significant and was retained in the model. Subsequent
testing of food and PPI use in the model did not identify
other relations eligible for inclusion, either because of a
nonsignificant drop in the OFV or poor parameter esti-
mation (high relative standard error [RSE]). At this stage,
eGFR was added as a covariate on CL/F as part of the base
model. This base model was used to conduct the SCM
to investigate the impact of age, sex, race, ethnicity, and
baseline body weight on CL/F and Vc¢/F (body mass index
was not evaluated because of its high correlation with
body weight). Table S4 presents significant covariates
identified during forward-selection and retained during
backward-elimination processes. After forward-inclusion

and backward-elimination steps, body weight on CL/F
and body weight, age, and sex on Vc¢/F were retained; this
model is referred to as the phase I covariate model.

The phase I covariate model was subsequently re-
estimated and re-assessed using the integrated phase I
through III data sets. At this stage, outliers were identified
and excluded from further model development (Figure 2).
Stochastic components were re-assessed using the inte-
grated phase I through III data sets. Estimating IIV on only
CL/F resulted in the biggest drop in the OFV; however, be-
cause of the correlation between CL/F and Vc/F, IIV terms
on both CL/F and Vc/F were retained. In the final model,
IIV on K, was estimated from phase I data only, whereas IIV
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on CL/F and Vc/F was estimated using all data. To allow
an unbiased assessment of covariate effects based on the
integrated phase I through III data sets, the previously iden-
tified covariate relationship with CL/F (i.e., body weight),
but not eGFR (which was included in the base model), was
removed from the model. As noted in the Methods, covari-
ates on Vc/F or K, already identified in the phase I covariate
model were retained. This model was the starting model for
final re-assessment of covariates on CL/F.

Age, baseline body weight, sex, race, and ethnicity
were evaluated as potential covariates on CL/F. Table S5
presents results from forward-selection and backward-
elimination processes, which identified body weight,
age, sex, and race as significant covariates. The “multi-
ple” race category, which constituted a small proportion
(~5%) of the target population, was the only category with
a non-negligible effect size (i.e., 0.19 vs. ~0.05 for other
categories). Therefore, it was merged with the “other”
race category, and race effect was ultimately removed
from the final model. Parameter estimates, RSEs, and
confidence intervals (CIs) of the final model obtained
from bootstrap analysis of the final model are presented
in Table 1. Most parameters were estimated with good
precision. Excluding age on Vc/F (which had an RSE of
37%) and IIV on Vc/F (which had an RSE of 42%), RSEs
were less than 25% for all parameters. Random-effect
shrinkage was acceptable for the IIV on CL/F parameter
(shrinkage 15%) but high for the IIV on Vc/F parameter
(shrinkage 52%); epsilon shrinkage was acceptable (7%).
High shrinkage suggests there are challenges in accu-
rately identifying true underlying covariate relationships
on Vc/F.

Robustness of the final model

The model was fitted to 1000 bootstrap-replicated data sets
to evaluate model stability and performance. Successful
minimization was obtained for 875 runs, and bootstrap
statistics were derived from all successful runs. Estimates
of PK parameters from the final PopPK model were close
to the respective median values from the bootstrap runs,
and the 95% CIs had narrow widths, indicating that per-
formance and stability of the final model were good. As
part of sensitivity analyses, a power relationship of creati-
nine clearance on CL/F, replacing the power relationship
of eGFR, was evaluated. This analysis resulted in a slight
worsening of the OFV and was not retained. Next, a sen-
sitivity analysis was performed to determine the impact
of outliers excluded during model development. Model
minimization was not successful, and the Vp/F and resid-
ual additive error estimates were inflated with increases
of 31% and 159%, respectively. Finally, fixed allometric
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scaling on both CL/F and volume parameters was evalu-
ated, but no improvement in the fit was observed with re-
spect to the final model.

Evaluation of diagnostics for the final model

Goodness-of-fit plots for population-predicted (Figure 4a)
and individual-predicted (Figure 4b) concentrations plotted
against observed concentrations indicated adequate model
fit. Although the population-predicted concentrations ver-
sus observed concentrations showed some overprediction
at higher concentrations (>1000ng/mL), this may have
been due to a paucity of data at high doses (e.g., 150 mg).
Scatterplots of CWRES versus population-predicted values
(Figure 4c) and time since last dose stratified by RI category
(Figure 4d) showed some bias observed in the higher con-
centration range or in higher RI categories; however, most
data were well-predicted and there was no indication of
systematic trends. The adequacy of introducing each co-
variate was assessed by comparing the random effect (ETA)
versus covariate scatter plots from the base model and final
model. For each covariate relationship identified in the
model, there was a clear sign of improvement in the relative
plot, as the trends in the ETA values initially visible for the
base model disappeared in the final model. Visual predic-
tive checks were stratified by phase I (Figure S3) and phase
IT and III (Figure S3) data using the final model; the final
model predicted the observed median, 5th, and 95th per-
centiles of gefapixant concentrations with good accuracy.
Evaluation of the final model using additional data from the
extension periods of phase III studies was performed, and
the resulting parameters were similar to those obtained in
the primary analysis data set (data not shown).

Simulations

Exposures in target population after chronic
administration of gefapixant 45mg b.i.d.

Median geometric means across simulations for PK pa-
rameters of interest, including AUC,,_,, and C,,,,, are
summarized in Table S6. The geometric mean of the ac-
cumulation ratio of gefapixant upon multiple dosing was
1.65 (95% CI, 1.61-1.70).

Magnitude of covariate effects on the
RCC/UCC and RI populations

In the phase II and III RCC and UCC populations, the
magnitude of covariate effects on AUC, ;, for body
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TABLE 1 Parameter estimates of the final PopPK model of gefapixant.

PK parameter

Absorption rate constant (K,), h™*

Apparent clearance (CL/F), L/h

Apparent central volume of distribution (Vc/F), L

Apparent intercompartmental clearance (Q/F), L/h
Apparent peripheral volume (Vp/F), L

Absorption lag time (ALAG), h

eGFR power relationship on clearance (Clg,)°

Food effect on absorption rate for the F02 formulation (Kaggpy)°®
Age power relationship on central volume (Vc AGE)b

Sex relationship on central volume (Vcggy)®

Weight power relationship on central volume (Vcgy)°

Age power relationship on clearance (CL,gp)"

Weight power relationship on clearance (CLgy,)°

Sex relationship on clearance (CLgpy)"

Interindividual variability on absorption rate (w?g,)"
Interindividual variability on apparent clearance (@ )"
Covariance between CL/F and V¢/F (p%c;_ve)

Interindividual variability on apparent central volume (w?y,)°
Proportional residual error (6pgap)

Additive residual error (6,pp), ng/mL

Estimate (95% CI)* RSE,%  Shrinkage, %
2.25(1.86, 2.85) 9.9 -
10.3 (10.1, 10.5) 1.1 =

101 (96.9, 104) 1.8 -
3.51 (2.7, 4.42) 12.8 =
32.8 (26.9, 46.6) 12.7 -

0.432 (0.415, 0.445) 1.7 =
0.375 (0.317, 0.429) 8.4 -
—0.594 (—0.675, —0.496) 7.7 =
0.0911 (0.0239, 0.162) 37.1 -
0.181 (0.138, 0.234) 13.6 -
0.541 (0.452, 0.627) 8.4 -
—0.229 (—0.284, —0.171) 13.3 -
0.35(0.27, 0.43) 11.3 -
0.0931 (0.0545, 0.133) 22.7 =
0.551 (0.379, 0.738)% 18.7 6.5
0.0708 (0.0612, 0.0808)" 6.7 15.4
0.0176 (0.0106, 0.0276) 22.9 -
0.0161 (0.0061, 0.0337)% 41.8 52.2
0.303 (0.29, 0.316) 2.3 7.2
3.04 (2.3,3.81) 15.4 7.2

Abbreviations: BW, body weight; CI, confidence interval; CV, coefficient of variation; eGFR, estimated glomerular filtration rate; PK, pharmacokinetic; PopPK,

population PK; RSE, relative standard error.

CIs taken from bootstrap analysis.

“Continuous covariates centered around the following data median values: eGFR =87.2mL/min/1.73 m?* BW =74kg; and age = 59 years. Categorical covariate

references: sex =female; fed = fasted.

°K, interindividual variability is informed by only phase I data, whereas CL/F and V¢/F interindividual variability are informed by all data.
dpercentage of CV calculated as sqrt((exp(w?) — 1)) x 100. Percentage of CV: 02, =85.7%; 0 ¢, = 27.1%; and 02y, =12.7%.

weight, age, sex, and diagnosis of chronic cough was
small (<20%; Figure 5a). However, RI had a larger im-
pact on gefapixant exposure. For participants with mild,
moderate, and severe RI (not requiring dialysis), the in-
crease in AUC was predicted to be 1.17-, 1.46-, and 1.89-
fold higher relative to participants with normal renal
function. As the increase in predicted exposures in the
severe RI category relative to participants with normal
renal function was considered clinically relevant, ad-
ditional dosage regimens were simulated for the severe
RI population. Simulation results demonstrated that
participants with severe RI receiving gefapixant 45 mg
g.d. had exposures similar to those of participants with
normal renal function receiving gefapixant 45mg b.i.d.
(Figure 5b). The dosage change from twice daily to once
daily in patients with severe RI is further justified by
half-life values of gefapixant: in typical patients with
severe RI, gefapixant half-life is 15.1h, compared with
8.4,9.5,and 11.5h in typical patients with normal renal
function, mild RI, or moderate RI, respectively. Patients

with severe RI receiving gefapixant 45mg q.d. will not
have the second peak associated with twice-daily dosing
but will have the same total daily exposure as patients
with normal renal function receiving gefapixant 45mg
b.i.d.

The effects of intrinsic factors on C,,,, at steady-state
for the total phase II/1II study population and populations
stratified by RI categories were similar to the effects on
AUC, 1, (Figure S4).

DISCUSSION

This paper describes the development of a PopPK model
for gefapixant across phase I through III studies in healthy
participants and participants with RCC or UCC. The
phase II and III studies in the RCC and UCC population
had sparse PK data; however, PK samples were collected
at up to eight visits in the phase III studies, and time of
sampling was random relative to the time from previous
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FIGURE 4 Goodness-of-fit plots for the final model. Scatterplots of (a) population-predicted concentrations and (b) individual-predicted

concentrations against the observed concentration. Scatterplots of CWRES versus (c) population-predicted concentrations and (d) time

since last dose, stratified by category of RI. For RI, 1 through 5 indicates normal, mild, moderate, severe, and very severe, respectively.
CWRES, conditional weighted residual; DV, dependent variable; IPRED, individual-predicted concentration; PRED, population-predicted

concentration; RI, renal impairment.

FIGURE 5
factors on AUC,_, of gefapixant (a) in

Impact of intrinsic

the phase II/III study population after
administration of gefapixant 45mg
b.i.d. and (b) in the RI population after
administration of gefapixant 45mg b.i.d.
or 45mg q.d. (reference: normal RI with
gefapixant 45mgb.i.d.). AUC ,, area
under the concentration curve versus time
at steady-state; BW, body weight; GMR,
geometric mean ratio; RCC, refractory
chronic cough; RI, renal impairment;
UCC, unexplained chronic cough.

(a)

BW: >90 vs 60-90 kg

BW: <60 vs 60-90 kg

Age: >65vs <65y

Age: >75vs <75y

Male vs female

RCC/UCC vs healthy volunteer
Mild vs normal RI

Moderate vs normal RI

Severe vs normal RI

LK)

0.5

(b)

Reference (normal RI [BID])
Mild RI (BID)

Moderate RI (BID)

Severe RI (BID)

Severe RI (QD)

1.0 15 2.0

Change relative to reference

@

0.5

1.0 15 2.0

Change relative to reference

GMR (90% CI)
0.86 (0.84, 0.89)
1.08 (1.05, 1.12)
1.13(1.10,1.17)
1.18 (1.14, 1.21)
0.85 (0.82, 0.87)
147 (1.13,1.21)
1.17 (1.14,1.20)
1.46 (1.42, 1.50)
1.89 (1.84, 1.94)

GMR (90% Cl)

1.00
1.17 (1.14,1.20)
1.46 (1.42,1.50)
1.89 (1.84,1.94)
0.95 (0.93, 0.98)
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dose, allowing proper characterization of the PK profile in
the target population.

In this analysis, most parameters were estimated with
good precision (RSEs for all parameters excluding age
and IIV on Vc/F, <25%). Random-effect shrinkage for the
final model was acceptable for the IIV on CL/F parameter
(shrinkage 15%) but high for the IIV on Vc/F parameter
(shrinkage 52%). This is consistent with our assumption
that sparse PK data in phase II and III studies can estimate
clearance well but has limitations in estimating volume
(Vc/F) parameters.

Results suggest that gefapixant is a low- to moderate-
variability drug. There was no difference in exposure be-
tween healthy participants and those with RCC or UCC
after accounting for demographic factors. Although the
effects of age, body weight, and sex on exposure were sta-
tistically significant, the magnitude of these effects was
small (<20%; Figure 5a). Additionally, although race was
identified as a statistically significant covariate during
covariate model building, this was driven by the differ-
ence in CL/F in the “multiple” race category relative to
other categories. The “multiple” race category comprised
a small (~5%) proportion of the target population, suggest-
ing the effect of race is not clinically relevant.

Consistent with gefapixant being primarily eliminated
via renal excretion, eGFR was a statistically and clini-
cally significant factor impacting gefapixant exposure
(Figure 5). Compared with participants with normal renal
function, those with RI had 1.17-fold (mild RI) to 1.89-fold

(severe RI not requiring dialysis) higher exposure. The
magnitude of these effects is numerically lower but direc-
tionally consistent with previous findings from a dedicated
RI study (n=6 each for participants with normal renal
function, moderate RI, severe RI, and ESRD).26 The dedi-
cated RI study predicted a 1.87-, 2.79-, and 3.76-fold higher
exposure (AUC) for participants with mild, moderate, and
severe RI, respectively, relative to matched controls.

The key difference between gefapixant exposures in the
dedicated RI study and the current analysis is due to lower
exposure in the reference populations with normal renal
function, which led to the difference in fold change in RI
populations (Figure 6). Multiple factors may have con-
tributed to the lower exposure in participants with nor-
mal renal function in the dedicated RI study versus those
in this analysis, including overall interstudy variability,
smaller sample size, and higher mean eGFR (122mL/
min/1.73m? vs. 104mL/min/1.73m?) in the dedicated
RI study. Although fold changes relative to normal renal
function were different, the exposures in the dedicated RI
study and current PopPK analysis are consistent in each
RI category.

Considering a larger data set consisting of the target
RCC and UCC population (n=1555 with 664, 817, and 74
participants in the normal renal function, mild RI, and
moderate RI categories, respectively), this analysis pro-
vides a realistic prediction of the effects of RI on expo-
sure in the intended patient population. Therefore, results
from the PopPK model rather than the dedicated RI study

1 1 1
10,000 T X X \  Data source
| | | -~ Dedicated Rl study
| | : PopPK study
| | |
1 1 1
- H 1 1 1
E 7500 | | |
< I I 1
> 1 1 1
c 1 1 1
= I | 1
O 1 1 1
) B ! ! !
f{\) 1 1 1
o 1 1 1
~ 1 1 1
S 5000 - ! ! !
< 1 1 1
% 1 1 1
o 1 1 1
E 1 1 1
© X X ' FIGURE 6 Gefapixant exposure in
g X X X dedicated RI study and PopPK analysis.
§ 2500 - \ : ! Projected AUC (and 95% CIs) for
\ \ \ dedicated RI study (normalized to 45-mg
| | | multiple dosing) and PopPK analysis
| | | (simulated results based on modeling) at
| | | each category of renal function. AUC, area
1 1 1
0 - Severe Moderate ! Mild ! Normal under the curve; CI, confidence interval;
1 1 1
— . ! . ! . . eGFR, estimated glomerular filtration
25 50 75 100 125

eGFR, mL/min/1.73 m?

rate; PK, pharmacokinetic; PopPK,
population PX; RI, renal impairment.
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were used to inform gefapixant dosage recommendations
for patients with RI.

A limitation in the current analysis is that individuals
on hemodialysis were not included. The impact of RI on
gefapixant exposure for non-hemodialysis participants was
estimated using the relationship between eGFR and CL/F,
but the relationship between eGFR and CL/F for patients on
hemodialysis is not clear and, hence, exposure in patients
on hemodialysis cannot be predicted on the basis of eGFR.

The formulations evaluated in this analysis were F02 (an
earlier formulation) and F04 (which includes both the pro-
totype formulation FO4 and phase III formulation FO4A).
Phase I relative bioavailability (formulation, PPI use, and
food effect) studies concluded that fed status and concom-
itant use of a PPI impacted gefapixant exposures for F02
but not for FO4. Therefore, in this PopPK analysis, food and
PPI effects were assessed on F02 only. Food effect was found
to be a statistically significant factor affecting K,; however,
PPI effect was not significant. The final market formulation
F04B is compositionally similar to FO4A, with the exception
that FO4B does not have citric acid as a formulation ingredi-
ent. Additionally, FO4B has been shown to be bioequivalent
to FO4A in terms of gefapixant exposure.” Thus, findings
from this PopPK analysis are expected to hold for the pro-
posed commercial formulation.

CONCLUSIONS

Gefapixant is a low- to moderate-variability drug with most
intrinsic (e.g., age, sex, and weight) and extrinsic (e.g., food
effect) factors having no clinically relevant effects on expo-
sure. The current analysis suggests that patients with severe
RI are expected to have meaningfully higher gefapixant ex-
posures compared with patients with normal renal function.
Simulation results demonstrate that patients with mild or
moderate RI do not require dosage adjustments; however,
for patients with severe RI who are not on dialysis, once-
daily (instead of twice-daily) dosing is recommended.
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